This study aimed at studying alternative methods to induce molting and to compare them with the conventional forced-molting method (fasting). In the experiment, 420 70-week-old layers were used. The total experimental period was 140 days. Molting was induced during the first 28 days, when birds were submitted to the experimental treatments, and bird performance and egg quality parameters were determined during 112 subsequent days. A completely randomized experimental design was applied in a 5x2 factorial arrangement of five feed restriction regimes (0, 15, 30, 45, or 60g feed/bird/day) and with or without the addition of coarse-particle limestone to the feed, with seven replicates of six birds each. Egg quality was evaluated at the end of each 28-day period for three consecutive days, using three eggs per experimental unit (21 eggs/treatment), with a total of 210 eggs. It was concluded that feeding 15g feed/bird/day to induce molting is feasible, as birds submitted to this treatment presented similar performance and better egg quality than those submitted to fasting during molting. The use of coarse-particle limestone during molting did not influence postmolting bird performance or egg quality.
INTRODUCTION
Forced molting has been widely used in commercial layer management with the aim of extending their productive life, thereby decreasing flock replacement costs. Fasting is the most frequently used method to induce molting due to its low cost and high efficiency (Rodrigues et al., 1995) .
Due to the incompatibility between fasting and bird welfare, several methods to induce molting have been studied in the last decades. There is an increasing concern in researching alternatives that minimize bird stress and, at the same time, provide similar economic and egg-quality results as those obtained with the conventional fasting method. In the US and in the European Union, forced-molting methods based on fasting are condemned, and may soon become a restriction to egg imports by several countries (Garcia, 2004) .
Many studies were carried out comparing fasting to other dietary methods. Garcia et al. (1996) worked with four periods of feeding a low-density diet during the resting period, but did not find any significant performance or egg-quality differences in 70-to 98-week-old layers. Andreotti et al. (2005) investigated the use of qualitative feed restriction to induce molting, comparing feed fasting to nutrient restriction obtained by diluting a standard layer feed with 50% or 75% rice husks. The authors observed body weight loss of 25% after 20 and 10 days for diets diluted at 50 and 75%, respectively, and concluded that feed dilution up to 50% can be used to induce molting without causing severe stress, and therefore, providing better welfare. Mineral nutrient restriction has been long used to induce molting. For instance, Ross and Herrick (1981) evaluated the effect of molting diets containing low salt as compared to fasting, and observed lower egg weight after molting in layers fed the low-salt diet.
The use of alternative methods to prolonged fasting to induce molting was also investigated by Scherer (2007) . The restriction of calcium and phosphorus; calcium, phosphorus, and sodium; or calcium, phosphorus, sodium, and amino acids was compared to feeding ground corn for 28 days and to fasting for 14 days followed by a production feed up to 28 days. During the subsequent production cycle, the treatment with Ca and P restriction resulted in lower egg production and egg mass as compared to the remaining treatments. Feeding ground corn resulted in the worst Haugh unit, whereas the other treatments were not different in terms of eggshell quality or internal egg quality.
On the other hand, Onbasilar and Erol (2007) used high zinc level (10.000 ppm) for 10 days, barley whole grains for 10 days, or fasting for 10 days followed by ground corn for 28 days during molting, and found that fasting promoted the highest laying percentage after molting, followed by barley whole grains, and high zinc level.
Considering these findings, the aim of the present study was to evaluate forced-molting methods in commercial layer and their effects on egg production and quality.
MATERIAL AND METHODS
The experiment was carried out at the School of Veterinary Medicine and Animal Science of Unesp, Botucatu, SP, Brazil. A total number of 420 70-weekold Shaver layers were submitted to different experimental treatments to induce molting.
Birds were housed in a layer house containing 84 metal cages (1.00 m long x 0.45 m deep x 0.40 m high) placed in two double rows with a central aisle. Cages were equipped with trough feeders (one per cage) placed in front of the cages, and cup drinkers.
The total experimental period was of 140 days. Forced molting was performed during the first 28 days, when birds were submitted to the experimental treatments. It must be noted that the birds in the treatments that reached 25% body weight loss before 28 days were fed ad libitum immediately after that weight loss was obtained. The 112 subsequent days were divided in four periods of 28 days, when performance and egg quality parameters were determined.
A completely randomized experimental design was applied in a 5x2 factorial arrangement of five feed restriction regimes (0, 15, 30, 45 or 60g feed/bird/day) and with or without the addition of coarse-particle limestone, with seven replicates of six birds each, totaling 420 birds.
The following treatments were applied: T1-production feed restricted to 60g/bird/day, and coarseparticle limestone supplied ad libitum; T2-production feed restricted to 60g/bird/day; T3-Production feed restricted to 45g/bird/day, and coarse-particle limestone supplied ad libitum; T4-Production feed restricted to 45g/bird/day; T5-Production feed restricted to 30g/bird/day, and coarse-particle limestone supplied ad libitum; T6-Production feed restricted to 30g/bird/day; T7-Production feed restricted to 15g/bird/day, and coarse-particle limestone supplied ad libitum; T8-Production feed restricted to 15g/bird/day; T9-feed fasting, and coarse-particle limestone supplied ad libitum; and T10-feed fasting.
The experimental feed was based on corn and soybean meal basis, and formulated according to the recommendations of Rostagno et al. (2005) . Water was supplied ad libitum during the entire experimental period, and birds were submitted to a natural photoperiod of 12 hours of light during the forced molting period of 28 days, after which it was increased 30 min per week until reaching 17 hours of light per day. Egg production was daily recorded, whereas feed intake was recorded weekly. Egg quality was evaluated at the end of each 28-day period for three consecutive days, using three eggs per experimental unit (21 eggs/ treatment), with a total of 210 eggs.
The following parameters were evaluated after molting: laying percentage, feed intake, egg weight, egg mass, feed conversion ratio per dozen and per egg mass, mortality, and egg quality (specific gravity, eggshell breaking strength, eggshell thickness, percentages of eggshell, yolk, and albumen, and eggshell weight per surface area).
Data were submitted to analysis of variance, using the procedures of the General Linear Model of SAS ® (SAS Institute, 2000) . Means were compared by the test of Tukey (p<0.05). Table 1 show the performance results of the layers submitted to the experimental treatments.
RESULTS AND DISCUSSION
No interaction between feed restriction and the addition of coarse-particle limestone to the diet was detected. Moreover, there were no significant effects of limestone on any of the evaluated parameters.
Feed restriction had no influence on feed intake or mortality. These results are opposed to the findings of Rolon et al. (1993) , who observed higher feed intake in layers submitted to conventional forced molting as compared to those fed a low-energy diet ad libitum, low-energy diet limited to 45 g/bird/day, and lowenergy diet limited to 45 g/bird on alternate days up to 21 days, followed by ad libitum feeding up to 28 days.
There were significant effects of feed restriction on laying percentage, feed conversion ratio per dozen eggs and per egg mass, egg weight, and egg mass. The birds submitted to the treatments with lower feed supply presented better performance results after molting; however, the performance of birds fed 15g feed/bird/day was statistically similar to the birds submitted to fasting.
These results are consistent with those of Biggs et al. (2003) , who found similar egg production and feed conversion ratio per dozen eggs and per egg mass between layer fed supplemented wheat during molting and those fasted for 10 days during a conventional forced-molting process. On the other hand, Vermaut et al. (1998) , working with broiler breeders submitted to molting by one-day fasting followed by one of three feeds: molting feed supplemented with 12% defatted jojoba bran fed ad libitum, molting feed restricted to 43.6 g/bird/day org round wheat (five days at 20 g/ bird/day, followed by increasing supply of 30, 40, 50, and 60 g/bird/day during the four remaining weeks), observed lower egg production in birds restricted-fed at 43.6g/bird/day. Similarly, Ramos et al. (1999) , when researching the use of a low-density diet restricted to 45g/bird/day for 27 days to induce molting as compared to the conventional method, found worse laying percentage and feed conversion ratio during the second production cycle in birds fed the low-density diet.
Eggs from layers submitted to higher feed restriction (fasting and 15 g/bird/day) were heavier, similarly to the findings of Oliveira et al. (1994) , who observed that layers submitted to fasting during molting laid heavier eggs as compared to those fed a low-energy diet ad libitum or restricted fed at 45g/bird/day for 27 days. Table 2 presents the egg quality results of the experimental treatments post-molting.
Feed restriction significantly interacted with dietary coarse-particle limestone only as to eggshell breaking strength.
Limestone significantly affected yolk percentage, with birds fed coarse-particle limestone during the molting period presenting higher yolk percentage after molting.
There were no effects of feed restriction on egg specific gravity. This is consistent with the results of Rolon et al. (1993) , who studied five forced-molting methods, as described above, and did not observed any significant effects of treatments on egg specific gravity.
Eggshell breaking strength, eggshell thickness, percentages of yolk, eggshell, and albumen, as well as eggshell weight per surface area were significantly influenced by the different levels of feed restriction applied. Layers submitted to conventional molting (fasting) presented the worst egg quality results, except for albumen percentage, which was expected, as albumen percentage is inversely proportional to yolk percentage. Table 3 shows the details of the interaction found in Table 2 .
The egg quality results obtained in the present study are consistent with those observed by Garcia et al. (1996) and Scherer et al. (2007) , who did not find any effects of treatments to induce molting on post-molting egg quality, as the egg is produced during a very short period of time, and therefore depends on the availability of nutrients at the time it is formed, independently of the molting period.
In birds that were not fed limestone, eggshell breaking strength worsened as feed restriction increased. As to layers fed 60g feed/day, those that did not receive limestone presented better eggshell breaking strength. The results of limestone utilization during the molting period seem to be adequate when considering egg use during molting (BuxadéCarbó, 1987) . However, these results may be controversial as to the use of limestone during molting and post-molting egg quality is analyzed. Scherer et al. (2007) did not observe any effect of calcium and phosphorus restriction during molting on post-molting egg quality, which is consistent with the findings of the present study.
CONCLUSIONS
It was concluded that feeding 15g feed/bird/day to induce molting is feasible, as birds submitted to this treatment presented similar performance and better egg quality than those submitted to fasting during molting. The use of coarse-particle limestone during molting did not influence post-molting bird performance or egg quality. 
